One hundred and ninety patients over the age of two operated upon for coarctation of the aorta from 1957 to 1972 at one institution were followed for one to 15.5 years (mean, 6.6 years). There were eleven cardiovascular deaths in the follow-up period. The mean age at death was 32.5 years. Two-thirds of the patients had an associated cardiovascular anomaly; 74 The assessment of the late results of surgical correction has received less attention.'0 " In some series only selected age groups of operated patients'2"15 were reviewed. It has recently been reported, however, that patients with surgically corrected coarctation of the aorta may have a higher than expected incidence of premature cardiovascular death, especially when the operation is carried out after age 25.16 Records were summarized in a systematic fashion; preand postoperative electrocardiograms and chest roentgenograms were carefully assessed, and when necessary, catheterization data and angiograms reviewed. Patients who had not been sequentially followed were contacted and re-examined. Particular attention was paid to residual or new physical, radiographic, or electrocardiographic abnormalities. In cases where re-examination could not be performed, an interim cardiovascular history was obtained by a telephone interview with the patient. Reports of recent examinations elsewhere were reviewed, and copies of hospital records were obtained. Death certificates on all fatalities were reviewed and supplemented by autopsy reports when available.
SUCCESSFUL OPERATIVE CORRECTION of coarctation of the thoracic aorta has been carried out since 1945.' 2 Since that time efforts have been directed towards refinements in clinical recognition,3 patient selection,4 improvements in surgical technique5-7 and management of operative complications.8' 9 The assessment of the late results of surgical correction has received less attention.'0 " In some series only selected age groups of operated patients'2"15 were reviewed. It has recently been reported, however, that patients with surgically corrected coarctation of the aorta may have a higher than expected incidence of premature cardiovascular death, especially when the operation is carried out after age 25.16 It is the purpose of this report to cite the experience of one center with the late results of surgical correction of coarctation of the aorta, with particular attention to the late cardiovascular complications, and to review the current status and persistent cardiovascular abnormalities in a group of patients operated upon and followed from one to 15.5 years.
Methods
The records of all patients with coarctation of the thoracic aorta seen at the University of Michigan Medical Center over the 15.5 year period, March 1957 -October 1972 , were reviewed retrospectively. The status of all followed patients was determined to October 1973. For the purpose of this study and for ease of comparison with other studies,'8-" only those operated upon over the age of two were selected for longitudinal assessment.
Records were summarized in a systematic fashion; preand postoperative electrocardiograms and chest roentgenograms were carefully assessed, and when necessary, catheterization data and angiograms reviewed. Patients who had not been sequentially followed were contacted and re-examined. Particular attention was paid to residual or new physical, radiographic, or electrocardiographic abnormalities. In cases where re-examination could not be performed, an interim cardiovascular history was obtained by a telephone interview with the patient. Reports of recent examinations elsewhere were reviewed, and copies of hospital records were obtained. Death certificates on all fatalities were reviewed and supplemented by autopsy reports when available.
Radiographic assessment of left ventricular enlargement was by agreement of two radiologists unaware of the patient's current status, although the primary diagnosis was known to them. Electrocardiographic assessment of probable or definite left ventricular hypertrophy was deter-LATE ASSESSMENT AFTER COARCTATION REPAIR was considered the follow-up pressure. The left arm pressure was, however, used in three patients who had weak post-catheterization pulses in the right arm and four patients with an aberrant right subelavian artery.
For the purposes of this review persistent hypertension was considered probable if greater than 140 systolic and 90 diastolic and definite if greater than 160 systolic and 95 diastolic. Residual coarctation was considered possible if the systolic blood pressure in the legs was 10 to 20 mm Hg lower than in the arm, and definite if more than 20 mm Hg below that in the arm. Identification of the pathologic anatomy of the aortic valve was determined by the angiographic description, the description by the surgeon at the time of valvulotomy or valve replacement, or at autopsy. A systolic ejection murmur or early systolic ejection sound was not considered sufficient evidence of aortic valve disease; an aortic diastolic murmur was, however, considered pathologic. In the absence of direct vision at surgery or autopsy, the number of leaflets of the aortic valve was classified by the number of sinuses of Valsalva demonstrated angiographically if studies were adequate. The twenty patients lost to follow-up differed in part from the followed group in that one was a foreign student, three were Negro, and two were referred from a state penal institution; in general, those lost to follow-up were older at the time of operation (50% were over age 15 compared to 28% of the entire series) and were operated upon earlier (65% before 1962 compared to 32% of the whole group) than the followed group.
Three of the 190 patients died at the initial surgical procedure (1.6%) and one died at attempted resection of a residual coarctation. One hundred and sixty-eight patients had a primary anastomosis performed, 15 required a graft insertion at the initial procedure, six had a graft inserted at a second operation following an unsuccessful primary anastomosis earlier, and one patient had a graft inserted following an unsuccessful bypass of the coarctation performed elsewhere.
Late Deaths
There have been 15 The figure depicts all patients seen at this Medical Center with coarctation of the aorta, except those in whom surgery has been deferred or refused. The age at operation and early and late mortality for the operated patients are above, and age at death for patients not operated upon is below. The patients described in this study are those operated upon over age two.
Circulation, Volume 50, September 1974 10 20 1945 and 1960 had a higher than expected incidence of premature sudden death,16 especially in those patients operated upon over the age of 25. With a shorter period of follow-up, and in a group of patients more representative of those currently encountered, the population presented here demonstrates that the associated congenital defects seen with coarctation may, in part, explain the apparent impaired longevity in the population, despite correction of the coarctation.
The frequent association of coarctation with other years, a figure similar to that from studies performed before the era of operative correction,'7' '8 and six of these were under the age of 25 . Persistent electrocardiographic and radiographic abnormalities long after the operative procedure are common, particularly in those operated upon over age 30 (tables 5 and 6) . This is especially so for LVH, ventricular premature beats, atrial fibrillation and conduction disturbances. The The association of congenital aortic stenosis with coarctation of the aorta is well recognized,27 30 but the late occurrence of calcific aortic stenosis in a patient who had a bicuspid aortic valve without an aortic valve gradient at the time of coarctation repair has not been reported. One adult in this series presented with coarctation and calcific aortic stenosis. Longer followup is required to determine the natural history of initially hemodynamically insignificant aortic valve disease in this population.
The incidence of suicide in the general U.S. population is 9-11/100,000 each year.3' Therefore, the presence of two suicide deaths in the 127 patients operated upon under the age of 15 is of interest. There are no long-term studies in regard to suicide as a consequence of emotional instability in children with congenital heart disease.
Persistent hypertension has not been a major postoperative complication. Only 13 patients of the 187 (7%) surviving the surgical procedure are currently hypertensive by the criteria applied; the prevalence appears to be no greater than hypertension in the general population. The findings are consistent with the salutary effects of coarctation resection on hypertension reported previously. 32 Residual persistent pressure gradient between the arms and legs is a significant problem, especially in those operated upon below age ten. Serial blood pressure measurements in the postoperative period indicate that the gradient was usually present immediately after operation, implying that the cause is inadequate resection of the narrowed segment rather than "restenosis. cotomy complicates the procedure. Although bypass of the residual coarctation segment has been suggested,33 all patients at this institution have had a more complete resection combined with interposition of a prosthetic graft. None of the six patients currently has a residual gradient; there was one operative death. The long-term consequences of the preoperative hypertension remain to be ascertained. Only three patients currently have symptomatic ischemic heart disease. The duration of follow-up is too short and the sample of adults too small to determine if corrected coarctation of the aorta is associated with an excess of premature ischemic heart disease.
The data would indicate that patients with surgically corrected coarctation of the aorta have significant residual cardiovascular disease and require continuing longitudinal assessment, despite correction of one of their anomalies. These residual defects are associated with significant radiographic and electrocardiographic abnormalities, and life expectancy for some may not be changed as a result of correction of the coarctation.
